LDGs are a subset of neutrophils that were elevated in psoriasis and associated with the severity of disease. 
HIGHLIGHTS
LDGs are a subset of neutrophils that were elevated in psoriasis and associated with the severity of disease.
In psoriasis, LDGs associated with noncalcified coronary plaque burden beyond cardiovascular risk factors and in vitro, induced endothelial cell damage.
Compared to normal-density granulocyte neutrophils, platelet-associated biological pathways were upregulated in LDGs, suggesting enhanced platelet adherence to the LDG surface.
LDGs co-localized with platelets in circulation, and the LDG-platelet interaction associated more strongly with non-calcified coronary burden by coronary CTA compared to LDGs alone.
SUMMARY
Psoriasis is an inflammatory skin disease associated with increased cardiovascular risk and serves as a reliable model to study inflammatory atherogenesis. Because neutrophils are implicated in atherosclerosis development, this study reports that the interaction among low-density granulocytes, a subset of neutrophils, and platelets is associated with a noncalcified coronary plaque burden assessed by coronary computed tomography angiography. Because early atherosclerotic noncalcified burden can lead to fatal myocardial infarction, the low-density granulocyteÀplatelet interaction may play a crucial target for clinical intervention. factors (1, 2, 5, 6) . CVD is the leading cause of mortality in psoriasis, especially in patients with severe psoriasis (7, 8) .
The immune response plays a pivotal role in the development of atherosclerosis, with neutrophils playing an important role in plaque progression (9) (10) (11) . Circulating neutrophil frequency is reported to be a potential biomarker of CVD (12) , and in inflammatory diseases such as systemic lupus erythematosus (SLE), rheumatoid arthritis, and HIV, neutrophils are associated with accelerated atherogenesis (13) (14) (15) . Circulating neutrophils in psoriasis exhibit an activated phenotype, and the inflammatory neutrophil protein calprotectin (S100A8/A9) is elevated in psoriasis (16) . Moreover, S100A8/A9 is related to vascular disease. Neutrophils are the foremost immune cells to infiltrate the papillary layer and subepidermal zone of the skin before psoriatic lesion formation, which suggests they may be a potential link between early-onset CVD and psoriasis (17) . The distinct subset of neutrophils termed low-density granulocytes (LDGs) are of particular interest. LDGs are neutrophils purified from the less dense peripheral blood mononuclear cell (PBMC) fraction after density gradient centrifugation (18) (19) (20) and are associated with CVD in chronic inflammatory disease states (19, 21) . LDGs have an enhanced capacity to spontaneously form neutrophil extracellular traps (NETs), a cell death process termed NETosis, which is characterized by the extracellular release of chromatin material bound to proteins present in neutrophil granules (22) (23) (24) . However, the stimulus that activates the spontaneous NETosis mechanism in LDGs in inflammatory diseases remains unclear.
Activated platelets have been described to play a role among the various stimuli known to induce NETs (25) (26) (27) . Platelet activation characterized by the expression of platelet activation molecules (e.g., CD36) is associated with atherosclerosis and other inflammatory conditions (25, 26) . Although platelets are involved in NET formation, only a few studies have investigated this in nonchronic inflammatory states (25, 26) . Furthermore, when
spontaneous NETosis occurred at a higher frequency in a small preliminary study, it was not studied, but the reason may be related, in part, to unexplored neutrophilÀplatelet interactions (28) .
In the present study, we aimed to characterized
LDGs and normal-density granulocytes (NDGs) in psoriasis. Our goal was to understand the potential relationship between neutrophil subsets and the presence of early coronary artery disease in humans with psoriasis. We hypothesized that LDGs would be associated with psoriasis skin disease severity and early noncalcified coronary plaque burden (NCB) as assessed by coronary computed tomography angiography (CCTA). Subsequently, we identified the interaction between LDGs and platelets as a prospective mechanism that stimulated increased LDG NETosis, which resulted in endothelial damage. Figure 1) . To be included in the study, psoriasis patients were required to have a formal diagnosis of psoriasis confirmed by a health care provider. All patients underwent CCTA to assess coronary plaque burdens, as described previously (29) . Psoriasis skin disease severity was assessed with the psoriasis area and severity index (PASI) score and was measured as published (30 
METHODS
Teague et al. 
RESULTS

CLINICAL CHARACTERISTICS OF STUDY PARTICIPANTS.
We summarized the characteristics of our study population in Table 1 . The study cohort consisted of 81 consecutively recruited psoriasis patients and 36
healthy control subjects for LDG and NDG frequency comparisons ( Table 1 Table 1) .
CIRCULATING LDG COUNTS IN PSORIASIS ARE ASSOCIATED WITH PSORIASIS SKIN DISEASE
SEVERITY. Both LDG and NDG subsets were elevated in psoriasis patients compared with healthy control subjects (1.3-and 2.0-fold, respectively) ( Figure 1A ). Teague et al.
The frequency of circulating
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higher state of activation compared with NDGs. No change in the surface expression of CD15, CD16, CD11b, or CD62L was observed when comparing LDGs from psoriasis patients with LDGs from healthy control subjects ( Figure 1E ).
NCB IN PSORIASIS ASSOCIATES WITH LDG
COUNTS. Evidence of early coronary atherosclerosis in psoriasis patients is driven by an increase in NCB ( represented as mean AE SEM. Significance was established by 1-way analysis of variance (ANOVA) and a Tukey's multiple comparisons test set at *p < 0.05, ****p < 0.001, and ****p < 0.0001. MFI ¼ median fluorescence intensity.
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Teague et al. is a relationship not observed with psoriasis NDGs, we studied RNA expression between these neutrophil subsets derived from 7 patients with active psoriasis.
By comparing the transcriptomes between LDGs
and NDGs, we determined that 1,076 (Supplemental Table 1 ) were differentially expressed ( Figure 3A) .
The volcano plots showed a separation of genes corresponding to NDGs relative to LDGs ( Figure 3B ).
Functional analyses revealed that gene pathways that
were differentially expressed between LDGs and NDGs Figure 3C ). In addition, the granule proteins were upregulated at the gene level in LDGs ( Figure 3D and 3E) , which is a mechanism that typically stops before release from the bone marrow (36).
Transmission electron microscopy further confirmed this finding, demonstrating LDGs had more electrondense granules that corresponded with primary granules ( Figure 3F ) (37) . Concomitant with increased granule proteins, we observed that the adhesion molecules intercellular adhesion molecule-2, integrin subunit alpha M (ITGAM), and integrin alpha subunit L (ITGAL) were upregulated in LDGs ( Figure 3D ).
CO-LOCALIZATION OF LDGs WITH PLATELETS CORRELATE WITH NCB.
A stark difference in RNA sequencing between LDG and NDG data was the presence of platelet-associated biological pathways upregulated in the LDG samples compared with NDGs ( Figure 4A ). Therefore, we investigated the 
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Neutrophil Subsets, Platelets, and Vascular Disease in Psoriasis Furthermore, these activated neutrophils might, in part, be responsible for early damage to both the epidermis and endothelium.
We hypothesized that early plaque formation evidenced by the increase in NCB in psoriasis was potentially related to the cytotoxic effects of LDGs by 2 factors. First, LDG NETs themselves are more cytotoxic than NDG NETs, and second, LDGs form NETs spontaneously; therefore, the amount of circulating NETs in psoriasis was increased due to increased Teague et al. This was reported to occur by a mitochondrial reactive oxygen speciesÀdependent mechanism (47). A similar NETosis timeframe was observed when neutrophils were treated with platelet activating factor.
Because the adherence of platelets to LDGs might stimulate the release of platelet activating factor, and the NETosis timeframe seen in our studies was similar, we proposed that platelet activating factor was involved in the mechanism of LDG-dependent
NETosis.
This study could be extended to other autoinflammatory pathologies such as SLE. In SLE patients, activated platelets enhance the interferon response, and platelet depletion in an SLE murine STUDY LIMITATIONS. There were important limitations to our study. This was an observational study; therefore, it was subjected to potential for confounders and needs experimental follow-up. We also acknowledged that our control group was not adequately matched to our psoriasis group, which was a limitation. Thus, our results should be interpreted with caution. Our plaque characterization and quantification by CCTA was used as a surrogate marker for atherosclerosis, although intravascular ultrasound would be the gold standard to prove these findings (49). In vitro characterization studies are lacking and will be conducted to determine potential drivers of neutrophil platelet aggregation. The RNA sequencing should be followed up with validation studies of protein content and include control samples to determine if LDGs from healthy control subjects have a similar RNA signature compared with psoriasis LDGs. In addition, future studies using single cell RNA sequencing to better characterize our findings and validation studies should be conducted.
CONCLUSIONS
We demonstrated that LDG frequency is elevated in psoriasis and is related to skin disease severity and NCB. Our in vitro studies showed that psoriasis LDGs were cytotoxic to the endothelium following direct contact. This study identified the interactions between LDGs and platelets as a mechanistic focus of future studies to determine how spontaneous NETosis of LDGs might be partly dependent upon platelets. KEY WORDS cardiovascular disease, lowdensity granulocytes, neutrophils, platelets, psoriasis APPENDIX For an expanded Methods section as well as supplemental tables and figures, please see the online version of this paper.
